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Within these sites, we propose to monitor changes in rental rev-
enues and changes in the flow of housing services for a period of five
years. Separate accounts will be carried for individual structures
whose owners' characteristics will be identified, as well as the char-
acteristics of the tenants and the neighborhoods in which the struc-
tures are located. We propose to concentrate our sampling resources on
structures whose rents (or market values) are within reach of allowance-
augmented budgets, i.e., structures for which changes in rental revenues
due to the allowance program are probable.

We have devised a method for estimating changes in the flow of
housing services from these structures, based on systematic accounting
for changes in real factor inputs and certain assumptions about the
characteristics of the production function.* With its aid, we can

decompose observed changes in rental revenues, as follows:

APAQ
PQ

AR _ AP A9 -
= 5t 0 + (E-4)

where R = base-year rental revenue;

@ = base-year quantity of housing services supplied to the
market; and
P = base-year price per unit of housing services.

We are further able to decompose the estimated change in the price of
housing services into components reflecting observed changes in factor-
costs per unit of output (including the opportunity cost of capital

inputs) and changes in the owner's rate of return on cost of production:

AP AF | AL | AFAT , _
2 A 7 (E-5)

*See Appendix B for details of the accounting system; it assumes
that changes in output are proportional to changes in real factor in-
puts. Appendix C proposes a method for testing this assumption and
adjusting our results if it proves substantially incorrect.

Below, we generally follow the notation of Appendix B, but we have
simplified it to avoid excessive subscripting and to suppress distinc-
tions irrelevant to the present discussion.
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where F

I

factor costs per unit of output; and

P/F = producer's markup on factor costs.

Since ¢, our measure of the quantity of housing services supplied,
includes vacant available units as well as occupied ones, and R is
actual net rental revenue for the structure, P is a buildingwide aver-
age price for housing services that will vary not only with rent levels
but with vacancy rates. So our observations on individual structures
should give us plenty of variation in AP/P, with which we can associate
observed changes in output, A40/4.

We wish to use these data to estimate a supply response function
corresponding in form to Eq. (E~2). In principle, this function should
describe the amount by which a producer would change his output for a
given change in its expected market price, all other things equal.

With a certain amount of behavioral modeling, our data will serve.

First, we need an estimate of the producer's supply response to
an expected change in its market price, whereas our observations of AQ/Q
and AP/P are after-the-fact. Landlords who misinterpret market signals
may be either pleasantly surprised or disappointed by the consequences
of their production decisions. A plausible behavioral model is that
output in year ¢ reflects decisions made in year (t - 1), based on prices
then prevailing; in estimating our response function, we should lag P
one period behind @ or perhaps use a distributed lag.

Second, we seek a partial derivative of supply with respect to
price, all other things equal. Most pertinently, these "other things"
include the available technologies of production and the costs of the
various factors of production, which together determine the produc-
er's costs at various levels of output. Our observed responses do
reflect price changes, but théy may also reflect changes either in
methods of production or in factor prices, limiting their relevance to
contexts in which changes in the market price of output are accompanied
by the same set of technological possibilities and the same set of
factor costs.

We do not think that technological innovations during the five

years of the Supply Experiment are likely to much alter the options of
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producers of housing services, constrained as they will be by the tech-
nology embodied in the existing stock of housing; but production alter-
natives, hence supply responses to price changes, are likely to vary
among producers, depending on the characteristics of their existing
structures. So baseline structure characteristics should enter as ex-
plicit variables in estimates of supply responsiveness for individual
producers, either as regression variables or as stratification variables.

Factor prices, on the other hand, are likely to change over time
during the experiment, but not to vary among producers at a given time.*
In order to estimate how the producer would respond to price changes
alone, we must adjust our observed AP, discounting for the changes in
factor-costs that occur over the period in question.** As suggested
by Eq. (E-5), this can be accomplished by substituting AIl for AP in
the supply function, noting that in the absence of changes in factor
prices, Al = AP.

Finally, we presume that the producer's skill, his expectations,
and his resources may affect his response to changes in the market
price of his output for other reasons than those already indicated.

So the argument of our supply response function should contain

*
Cross-sectional variations are possible, either in the form of

lower prices for bulk purchases, or in the form of price discrimina-
tion in an imperfect factor market. In either case, we would expect
cross-sectional variations in factor prices to be regularly associated
(in our experimental sites and elsewhere) with structure, landlord,

and neighborhood characteristics; if so, building these variations into
estimates of supply responsiveness that are specific to housing-market
sectors does not much reduce the generality of the response function.

**As explained in Appendix D, factor prices will be indexed at
each site and site-specific components of change will be distinguished
from regional or national components of changej to the extent possible,
site-specific changes due to the allowance program will be distinguished
from those attributable to other events in local markets.

For present purposes, the total observed change in factor prices
at the experimental site is the appropriate discount, whatever the com-
ponents of change. We do not expect the increment of housing-service
production caused by the allowance program to have a significant im-
pact on factor prices; if it does, the market model described below
would require an additional equation to estimate the effect of changes
in the level of housing-service production on factor prices.
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variables describing the landlord, his building, and its neighborhood
that (1) are statistically associated with response differences among
producers, and (2) whose values can be estimated for places other than
the experimental sites.

The considerations reviewed above lead us to a functional form
that is reasonably consistent with our purposes and whose parameters
can be estimated by multiple-regression analysis of cross-sectional

data for individual properties monitored in the Supply Experiment:

@]
_ - E-6
H - f(B,, L U, HO) (E-6)

where Qt = output of housing services during year ¢;

*

Ht = Pt/Ft = producer's actual markup on factor costs during
year t;

Pt = average price received per unit of output during year t¢;

Ft = average factor cost per unit of output during year %;

B+ = a vector of building characteristics as of year ¢;

Lt = a vector of landlord characteristics as of year ¢; and

Nt = a vector of neighborhood characteristics as of year ¢.

The expression on the left-hand side of Eq. (E-6) is the observed
supply response of one producer for year ¢. Its numerator measures

the percentage by which his output increased between the base year and

*
As distinguished from his expected markup, which would be based
on expected prices for output and factors of production, i.e.,
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year t; 1ts denominator measures the percentage by which this profit
margin increased between the base year and year (t - 1). We thus as-
sume that his most recent experience with market conditions governs
his production plans for year 7.

The right-hand side of the equation offers the hypothesis that a
producer's output response to a change in profit margin is conditional
on the variables there specified: the base-year characteristics of the
building, the landlord, and the neighborhood; the base-year level of
output; and the base-year markup rate. The purpose of the proposed
regression analysis is to estimate the parameters of the partial fela-
tionships between observed supply response and each variable in the
argument of the function.

If these parameters can be estimated with reasonable precision
on a sample of properties varying with respect to Bo’ Lo’ NO and Ho’
for periods (t = 1, 2, &, ...) of varying distance from baseline (t = o),
they will help us to model a "behavioral" supply function for an indi-

vidual producer. The general form of such a function would be:

5, = f‘(BO, L, N, P, F, E[Pt], E[Ft]) (E-7)

Here, S, is the planned level of output for year t, which is related

explicifly to the base-year circumstances by the producer and to expected
prices for output and expected costs of production in year ¢. The deri-
vation of Eq. (E-7) from a fitted version of Eq. (E-6) entails both
mathematical manipulation of the terms of Eq. (E-6), the nature of
which depend on its actual functional form, and the assumption that
E[Ht] = Ht-]' While it is not hard to imagine practical complications
in going from Eq. (E-6) to Eq. (E-7), their serlousness cannot be eas-
ily assessed prior to specifying the functional form of Eq. (E-6).

1f we are further willing to assume mutual independence of land~
lords' responses to market signals, we can aggregate over any set of
landlords for each of whom B, L, and N are known in any local market
for which factor costs F are known; these known quantities will define
the relationship between the preferred level of output and the price

of housing services for each producer, and these individual supply
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schedules can be added to obtain an aggregate supply schedule as a
function of price. Hereafter, we will let Eq. (E-7) stand for such an
aggregate supply function; for convenience in exposition, we will also
drop the subscript detail, relying on the reader's memory to fill out

the generalized relation,
QS =S(B, L, N, T, F, P) ‘ (E-8)

ANALYTICAL INTEGRATION

Suppose we now consider a local housing market other than those
in which the Demand and Supply Experiments were conducted. Assume
that we are able to describe the structure of that market, both with
respect to the characteristics of housing consumers (H), their incomes
(Y), and their total housing expenditures (R); and with respect to
the characteristics of its housing inventory (B), its landlords (L),
and its neighborhoods (N). We wish to estimate the effects of a hous-
ing allowance program--either a housing-gap allowance or a housing-
discount allowance--on the price and quantity of housing services in
the local market.

We may begin by describing the state of that market before the
hypothetical allowance program is installed. From Eqs. (E-3) and (E-8)

we can form a market-clearing equation of the following form:
D(H, Y, P) = S(B, L, N, F, P) , (E-9)

where D = S = @ = R/P is the quantity of housing services that clears
the market--not in the sense of eliminating all vacancies, but in the
sense that landlords continue to offer the vacant units for rent rather
than withdrawing them from the market.

Although the Demand and Supply Experiments provide us with esti-
mates of parameters for all of the variables in Eq. (E-9), the units of
account for some of these variables were arbitrarily defined at each
experimental site. To combine them in Eq. (E-9), and to apply Eq. (E-9)
to housing markets other than the experimental sites, we must adjust

all such variables to common units of account., The problem involves
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Y and P in the demand function and F and P in the supply function and
is resolvable with the aid of price indexes.

First, we will need a consumer price index to transform Yn as
measured at the new site to dollars whose purchasing power is equiva-
lent to the dollars in which Yd was measured in the Demand Experiment.
Where ¢ is the appropriate deflator, we can then use ¢Yn as an argu-
ment in the demand function whose unit of account is consistent with
the fitted parameters.

Second, we will need an index relating factor prices in both the
Demand and Supply Experiments to those of the new site. Such an index
will enable us to adjust both F and P to common units of account, as
explained below.

To fit the parameters of our demand function, we first arbitrar-
ily set the baseline market price of housing services, Pd = §1, so

that the quantity of housing services demanded could be measured by

Qd =T (E—lO)

where Rd is total housing expenditures in current dollars. Once the
unit of measurement for Qd was thus defined, the variations in price
needed to measure demand response were achieved by charging allowance
recipients only BPd, varying B; covariation of Qd with BPd could then
be observed and is the analytical equivalent of varying Pd‘

In the Supply Experiment, our system of measurement, as explained
in Appendix B, is generally designed to avoid the necessity of speci-
fying the unit of account for housing services; it deals in relative

changes only. Implicitly, however, that unit of account is defined by

4
g =L, (E-11)
8 P

f
where Vf is total expenditures for factors of production at baseline
and P. is the unit price of a composite factor of production, arbitrar-

ily setting Pf = $1. With d thus defined, it follows that
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~

P, = 55 , (E-12)
s

where RS is total revenue from the sale of housing services. As fac-

tor prices change over time, we index them (P% = APf); the index A is

then used to deflate total factor expenditures in current dollars,

preserving the same unit of account for housing services:

V! V!
PN A i _
Q - r K) (E 13)
s Pf XPf

where the prime symbols indicate observations at a later date, and re-
membering that Pf = $1.
Under certain assumptions, this technique of indexing factor
prices enables us to establish a common unit of account for Qd’ QS,
and Qn’ where Qn is the quantity of housing services that clears the

market at our "mew' site., The assumptions are as follows:

1. At all three sites, households with the séme specified char-
acteristics (H, Y) have the same demand for housing services
relative to their price.

2. At all three sites, landlords with the same specified charac-
teristics (B, L, N) are willing to supply the same amount of
housing services, given a specified market price and a speci-
fied factor cost per unit of output.

3. At all three sites, landlords with the same specified charac-

teristics (B, L, N) face the same production function,

First, we adjust for factor-price differences among the three
sites, just as in Eq. (E-13) we adjusted for factor-price changes
over time. Letting F = Pfo for a fixed bundle of factors va we can
directly measure Pf at each site and calculate deflators Yy and A

such that:

F =P, = \F, . (E-14)
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Then, if we take the output quantities Qd and QS as originally measured
at each site, it follows that equivalent values at the new site are

defined by

q, = YQd = %QS ; (E-15)

then, from Eq. (E-12), equivalent prices for housing services are
defined by

Making the appropriate substitutions in the arguments of our de-

mand and supply functions, our market-clearing equation becomes

D(H , = -
YD(H , Y , YP ) = AS(B, L, N, F, \P ) . (E-17)

However, to simplify notation once again, we will assume that all the
appropriate adjustments in units of account have been made and return

to the unsubscripted notation of Eq. (E-9).

MARKET EFFECTS OF AN ALLOWANCE PROGRAM

To estimate the effects of a housing allowance program on the
price and quantity of housing services in the local housing market
described above, we must alter the arguments in our demand function to
reflect the specifications of the allowance program, then find the
price at which the demand for and supply of housing services would be
equal. The procedure differs for a housing-gap allowance program and

a housing-discount allowance program.

Housing—Gap Allowance Program

A housing-gap allowance formula provides for allowance payments
equal to a specified percentage of disposable income, the percentage
dropping to zero as income increases; if it is to be other than a gen-
eral income supplement, it also must earmark some or all of the allow-

ance payment for housing expenditures.
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For a given household population whose incomes are known, we can
estimate the change in income (AY) that would result from a specified
housing-gap allowance program; together with the earmarking provision
(4), this change in income will determine how demand responds to the

market price of housing services (P);:

Qy=D(H, A, Y + 4Y, P) . (E-18)

The allowance program has no effect on the argument of our supply

function:

¢ =S5(B, L, N, F, P) . (E-19)
For the specific local market, we know the baseline characteris-
tics of the housing stock, landlords, and neighborhoods (B, L, and W);
the unknowns are factor prices (F) and the price of housing services

(P). Finally, we need a market-clearing equation,
=4 . (E-20)

We would propose to solve this system of three equations in four
unknowns by predicting a value for F, the solution then being condi-
tional on the accuracy of that prediction. As noted earlier, a priori
analysis of incremental factor-demands associated with plausible levels
of allowance payments lead us to doubt whether factor prices will be
much affected by a local allowance program;* and even in the case of
a national allowance program, we would expect program effects to be
swamped by independent events in national factor markets--particularly,

in capital markets. We doubt that much reliability would be gained by

modeling

P, = £1Q,) (E-21)

*
See Appendix D.
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from data gathered by the Supply Experiment, but it remains a possi-
bility if we find evidence of substantial allowance~induced inflation
in factor prices.

In reduced form, our market-clearing equation is solved by find-~

ing AP such that

D(H, A,0Y+ Y, P#hP) = S(B, L, N, F+OF, P+AP) . (E-22) -

&

Comparing the solution values of D = § = @ for this case to those of
Eq. (E-9), with preallowance values, we can measure the relative change
in the flow of housing services (7/Q) resulting from the allowance
program and the associated change in the average price of housing ser-
vices (AP/P). Using the marketwide solution value of (P + AP) as an
argument in the demand function, we can also estimate how housing con-
sumption would change for particular classes of households (e.g., re-

cipients vs. nonrecipients).

Housing-Discount Allowance Program

For an allowance program employing the housing-discount formula,
the solution is more complicated. First, the effective unit price of
housing services to allowance recipients differs frof the unit price
to nonrecipients and to suppliers of housing services. Second, the
amount of the income change for allowance recipients cannot be computed
a priori; the income change consists of a refund on their housing ex-—
penditures, and the amount of these expenditures cannot be deduced
solely from program regulations.

As noted earlier, under a housing—-discount formula, the price of
a unit of housing services to the recipient is BP, B < I; for nonrecip-
jents, B = I. Therefore, in constructing our marketwide demand func-

tion, we must aggregate individual demand functions of the form

9 = D(H, Y+0Y, BP) (E-23)

in which both AY and P are variables. Therefore, we need an additional

equation,



-305-

AY = (1-BJPD (E-24)

which says that the change in income as a result of the allowance pro-
gram is equal to the amount of the refund on actual housing expendi-
tures by allowance recipients.

Our reduced-form market-clearing equation is then

1

D[H, Y+ (1-B) (P+AP) (D+AD), B(P+AP)| = S[B, L, N, F+AF, P+AP], (E-25)

which can be solved for AP as before, conditional on a predicted value

for AF.

CONCLUSIONS

In principle, the data from separately conducted Demand and Sup-
ply Experiments can be combined analytically to estimate the conse-
quences of either a housing-gap or a housing—discoﬁnt allowance program
applied to a housing market other than those that served as experimen-—
tal sites. The application of the principle, however, is extremely
complicated; the exposition above bristles with unresolved technical
issues and, as we have discovered on each review, with hidden assump-
tions. We offer it only as a general analytical plan that could be
pursued at various levels of sophistication. Its critical features

can be simply stated:

1. Household responses to the allowance program, observed in
the Demand Experiment, can be made reasonably portable by
relating them to household characteristics, income, and the
price of housing services.

2. Supplier responses to the allowance program, observed in the
Supply Experiment, can be made reasonably portable by relat-
ing them to the baseline circumstances of the individual pro-
ducer, the price of housing services, and the cost of producing
them.

3, To estimate the effects of an allowance program in any given

local housing market, these portable parameters of demand and
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supply responses can be applied to the local population of
demanders and suppliers, if their relevant characteristics
are known.

4. Given local factor prices, the market-clearing price and
quantity of housing services can be estimated by aggregating
demand and supply responses to price changes over the rele-

vant local populations of demanders and sdppliers.

Our principal reservations about this method for analytical
integration and extension of site-specific findings can also be sum-
marized briefly:

o0 On both the demand side and the supply side of the market,
it must be assumed that each participant responds indepen-
dently to market signals, so that individual supply and
demand functions can be aggregated.

o It must be assumed that the arguments of the demand and
supply functions include all the relevant variables. Those
that are likely to be omitted are 'background' variables,
general characteristics of the experimental sites. 1In
both experiments, the number of sites is too small to pro-
vide enough variation in these variables to allow them to
be used for parameter estimation, but sites are being se-
lected deliberately for such differences, so that there
will at least be some evidence that our response param-—
eters are either stable or unstable under different back-
ground conditions.

0 To combine the fitted demand and supply functions into a
single analytical model and apply them to a new site, it
is necessary to establish a common unit of account for
incomes and for housing services, so that fitted param-
eters are consistent with the data for the new site.

This can be done with the aid of a consumer price index,

a factor-price index, and some strong assumptions.
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o The range of observations on which the demand and supply
functions are estimated limits the applicability of the
fitted functions to new sites, where the data may fall
outside that range.

o While the experiments provide data that can be used in
conjunction with untested public contribution rateé for
either housing~gap or housing-discount formulas,!ear-
marking provisions must have been tested. If théy are
of a kind that renders certain building types in%ligible,
or that requires a minimum level of housing services, they
must be tested in the Supply as well as the Demand Experi-
ment, or else their effects on suppliers in those market

sectors must be modeled.

If this scheme for analytical integration of data from the Demand
and Supply Experiments survives general scrutiny, the designers of
both experiments should keep in mind its data requirements. It does
not appear to call for any drastic revision of present plans, In
crude form, at least, it can be implemented and would be useful to HUD
and to others concerned with housing allowances, However, we suspect
that the analytical extensions of experimental findings described here
will have much less influence on thinking about housing allowances
than the more directly observable outcomes of the experimental pro-

grams at the sites where they are mounted.
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Appendix F

WORKING NOTES PREPARED FOR THE HOUSING |

ASSISTANCE SUPPLY EXPERIMENT

Testing the Supply Response to Housing Allowances:
An Experimental Design, Ira S. Lowry, C. Peter
Rydell, and David de Ferranti, December 1971.

Site Selection for the Housing Assistance Supply
Experiment: Stage I, Housing Assistance Supply
Experiment Staff, May 1972,

Preliminary Design for the Housing Assistance Supply
Experiment, 1. S. Lowry, June 1972,

Preliminary Description of Survey Instruments, Hous-
ing Assistance Supply Experiment Staff, June 1972.

Data Management System: Part I, Fieldwork Data and
Data Transfer Specifications, G. Levitt, July 1972.

Phase II: Price Controls and the Housing Assistance
Supply Experiment, D. B. Lewis, July 1972.

Failure Mode Analysis for the Housing Allowance
Program, Robert A. Levine, July 1972.

Preliminary Estimates of Enrollment Rates and Allow-
ance Costs, Barbara M. Woodfill, July 1972.

Stte Selection for the Housing Assistance Supply
Experiment: SMSAs Proposed for Site Visits (A Brief-
ing), Housing Assistance Supply Experiment Staff,
August 1972.

Data Management System: Part II, The Management of
Data for Analysis, G. Levitt, August 1972.

Estimates of Eligibility and Allowance Entitlement
Under Alternative Housing Allowance Programs, Barbara
M. Woodfill and Tiina Repnau, September 1972,

Contingency Planning for the Supply Experiment,
Ira S. Lowry, October 1972,

Supplemental Design Papers for the Housing Assistance
Supply Experiment, Housing Assistance 'Supply Experi-
ment Staff, July 1972. f
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Funding Housing Allowances for Homeowners Under Sec.
235, Mack Ott, November 1972,

Housing Allowances and Household Behavior, Ira S.
Lowry, Mack Ott, and Charles Noland, January 1973.

Sample Design for the Housing Assistance Supply
Experiment, Timothy M. Corcoran, Eugene C. Poggio,
and Tiina Repnau, November 1972.

Collected Site Selection Documents: Housing Assis-
tance Supply Experiment, R. Dubinsky, January 1973.

Five Site Evaluation Papers, Housing Assistance Supply
Experiment Staff, February 1973,

Data Management System for the Housing Assistance
Supply Experiment, C. M. Dodd, M. C. Fujisaki, and
G. Levitt, November 1972, '

Analysis Plan for Indirect Suppliers and Market Inter-
mediaries, William Grigsby, January 1973.

Preliminary Description of Sample-Selection Procedure,
Eugene Poggio, January 1973.

Analysis Plan for Residential Mobility, Robert P,
Althauser, Harrison S, Campbell, and Ira S. Lowry,
January 1973.

Estimating the Standard Cost of Adequate Housing
David B. Lewis and Ira S. Lowry, March 1973,

Analysis Plan for Measuring Supply Responsiveness,
Ira S. Lowry, January 1973,

Analysis Plan for Measuring Effects on Nonrecipients,
Robert P. Althauser, William Grigsby, Harrison S.
Campbell, and Ira S. Lowry, January 1973.

Generalizing from the Supply Experiment, Ira S, Lowry,
January 1973.

A Dynamic Model of the Production Function for Hous-
ing Services, Ira S. Lowry, C. Peter Rydell, and David
de Ferranti, February 1973,

Accounting for Supply Responses, Ira S. Lowry, February
1973,

An Overview of the Supply Experiment, Ira S. Lowry,
February 1973.
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Additional Estimates of Enrollment and Allowance
Payments Under a National Housing Allowance Program,
Tiina Repnau and Barbara M. Woodfill, March 1973.

The Experimental Housing Allowance Program, David
B. Lewis, Alan Greemnwald, and Ira S. Lowry, February
1973.

The Effects of Nomresponse on Record Completion in a
Panel of Residential Properties, Timothy M. Corcoran,
April 1973.

Sample-Selection Procedures for Site I, Eugeme C.
Poggio, March 1973.

The Housing Allowance Office: Functions and Proce-
dures, Alan Greenwald and David B. Lewis, March 1973.

The Role of Household Survey Data in the Supply
Experiment, Adele Massell (ed.), March 1973.

Adjusting for Regional and Local Price Changes,
Charles Noland and Ira S. Lowry, March 1973.

Monitoring the Supply Experiment, Ira S. Lowry,
Harrison S. Campbell, and Malcolm A. Palmatier, April
1973.

Organizing the Data for Analysis, Ira S. Lowry,
Harrison S. Campbell, and Tiina Repnau, May 1973,

Compensating for Landlord Nonresponse in the Housing

Assistance Supply Experiment, Adele Massell (forth-
coming).

RELATED BACKGROUND STUDIES

Housing Assistance for Low-Income Urban Families:
A Fresh Approach, 1. S, Lowry, May 1971,



